We use coordinated observations with the Interface Region Imaging Spectrograph (IRIS) and the Swedish 1-m Solar Telescope (SST) to identify the disk counterpart of type II spicules in upperchromospheric and transition region (TR) diagnostics. These disk counterparts were earlier identified through short-lived asymmetries in chromospheric spectral lines: rapid blue-or red-shifted excursions (RBEs or RREs). We find clear signatures of RBEs and RREs in Mg II h & k, often with excursions of the central h3 and k3 absorption features in concert with asymmetries in co-temporal and co-spatial Hα spectral profiles. We find spectral signatures for RBEs and RREs in C II 1335 and 1336 Å and Si IV 1394 and 1403 Å spectral lines and interpret this as a sign that type II spicules are heated to at least TR temperatures, supporting other recent work. These C II and Si IV spectral signals are weaker for a smaller network region than for more extended network regions in our data. A number of bright features around extended network regions observed in IRIS slit-jaw imagery SJI 1330 and 1400, recently identified as network jets, can be clearly connected to Hα RBEs and/or RREs in our coordinated data. We speculate that at least part of the diffuse halo around network regions in the IRIS SJI 1330 and 1400 images can be attributed to type II spicules with insufficient opacity in the C II and Si IV lines to stand out as single features in these passbands.
INTRODUCTION
Spicules are highly dynamic, linear features that can be observed as jet-like extrusions that emanate from the solar limb (for a recent review see Tsiropoula et al. 2012) . Two classes of spicules have been identified of which the second class is the most energetic displaying shortest lifetimes and most vigorous dynamical evolution (De Pontieu et al. 2007; Pereira et al. 2012 ). The complex dynamics of these type II spicules has been identified as the interplay between three kinds of motion: up flow, transversal, and torsional motions . A recent study combing observations from Hinode and the Interface Region Imaging Spectrograph (IRIS) showed that type II spicules are heated to transition region (TR) temperatures (Pereira et al. 2014 ). This strengthens earlier observational indications that type II spicules are heated to coronal temperatures (De Pontieu et al. 2011) .
The true impact of spicules on the corona in terms of provision of mass and energy is still unclear and a topic of debate. A prerequisite to realistic modelling of spicules is detailed knowledge of their physical properties. A full observational characterisation is, however, hampered by line-of-sight confusion due to superposition effects at the limb. This problem is relieved on the solar disk where single spicules can be identified unambiguously. The disk counterparts of type II spicules have been identified through short-lived asymmetries of chromospheric spectral lines and are referred to as rapid blue-or red-shifted excursions (RBEs or RREs, Langangen et al. 2008; Rouppe van der Voort et al. 2009; Sekse et al. 2012 Sekse et al. , 2013a Yurchyshyn et al. 2013) .
In this study we use coordinated observations from IRIS and the Swedish 1-m Solar Telescope (SST). RBEs and RREs are identified in the SST data and we search for corresponding signal in various IRIS diagnostics.
OBSERVATIONS AND DATA PROCESSING
We study Quiet Sun and Coronal Hole observations from a coordinated IRIS / SST observing campaign during the period 25-August -3-Oct, 2013. IRIS observes spectra and slit-jaw images in a number of spectral windows in the near-and far-UV (for details see De Pontieu et al. 2014b ). Here we concentrate on spectral diagnostics of the transition region: Si IV 1394 and 1403 Å, the upper chromosphere/transition region: C II 1335 and 1336 Å, and the chromosphere: Mg II h & k (2803 and 2796 Å). Spectra were acquired with the IRIS slit at a fixed solar position (following solar rotation, a so-called "sit-and-stare" program), or with narrow spatial rasters, Table 1 provides details for the different datasets. Besides the spectra, we analyse IRIS slit-jaw images (commonly referred to as SJI): SJI 1400 (dominated by the Si IV lines), SJI 1330 (dominated by the C II lines), and SJI 2796 (Mg II k core and inner wings). Exposure times for both spectra and slit-jaw images were 4 s, the pixel size 0. 166. The IRIS observations were processed to level3 data (for more details, see De Pontieu et al. 2014b) .
With the Crisp Imaging Spectropolarimeter (CRISP Scharmer et al. 2008 ) at the SST (Scharmer et al. 2003 
RESULTS
RBEs and RREs are most easily recognised in Hα Doppler maps (blue − red far wing subtraction images) and are most frequently found around network regions. In the 22-Sep-2013 dataset, the IRIS slit was positioned in the vicinity of a small network patch and we observe a large number (more than 150 in 2 h) of RBE/RREs that are covered by the IRIS slit. This is illustrated in Hα ±44 km s −1 Doppler maps in Figs. 1 and 2 panels a and the accompanying movie: RBEs (dark streaks) and RREs (white) appear to originate radially from the region around (x, y) ≈ (538 , 275 ) and cross the IRIS slit (red dashed line). The spectral evolution (λt-diagrams) of one location at the slit (marked with a green asterisk), is shown in panels b-e. The Hα λt-diagram (b) shows the occurrence of a large number of RBEs and RREs at this location; short-lived asymmetry excursions of the line, most prominently the RBE around t = 74 min, the time of the Dopplergram in Fig. 1a which shows the RBE as a dark streak crossed by the IRIS slit at the green asterisk. With the blue-and red-shifted excursions in the Hα λt-diagram at hand, the RBEs and RREs can be readily identified as similar excursions of the central absorption feature k3 in the Mg II k diagram (c). The shift of k3 leads to enhancement of the wing so that the RBE/RREs appear as emission features far out in the wings. The line profile in panel 1g shows the RBE as a blue-shift of Mg II k3 and absence of a prominent k2v peak as compared to the average Mg II k profile (constructed from temporal and spatial averaging over slit positions far away from the network region). For the RRE example in Fig. 2 , the k2r peak is weakened but not absent, and shifted with more than 10 km s −1 as compared to the average profile. Even more than the RBE example in Fig. 1 , this RRE appears as an emission feature extending out to ∼ +40 km s −1 in the λt-diagram (c). The far-UV spectra for C II 1336 Å and Si IV 1394 Å are very noisy at this exposure time. However, comparing panels d and e with b and c, these lines show similar temporal behaviour with blue-and red-ward asymmetry excursions in concert with their pure chromospheric counterparts Hα and Mg II k. After a 9-fold averaging (3 slit positions over 3 time steps), the line profiles (solid lines in panels h and i) show asymmetry (and shift) towards the blue for the RBE and towards the red for the RRE. Single Gaussian fits to the UV spectral profiles indicate shifts in the range 11-14 km s −1 for both the RBE and RRE in Figs. 1 and 2 .
As the signals in these far-UV IRIS diagnostics are low, the associated slit-jaw images SJI 1330 and SJI 1400 show no sign of anything related to the RBEs and RREs that are so prominent in the CRISP data in this region. This network region can be considered to be weak in a sense that it is only a collection of a small number of photospheric magnetic bright points. However, in other more extended network regions with larger numbers of bright points, the slit jaw images show a pattern of a diffuse halo around the network patch, frequently interspersed with dynamic bright streaks that often appear to move away from the network region. These streaks are recently described as network jets by Tian et al. (2014) . Many of these network jets can be directly related to RBEs and RREs in the CRISP Doppler movies: they can often be associated with an RBE or RRE in close vicinity with similar orientation and temporal evolution (life time and direction of propagation). Figure 3 shows two examples of far-UV slit jaw jets in the 13-Sep-2013 Quiet Sun data set. Panel d shows a SJI 1330 jet, panel a shows the associated Hα RBE in the co-temporal CRISP Doppler map, and panels b and e show the co-temporal spectrograms (λy-diagrams). In contrast with the spectra in Figures 1 and 2 , the Si IV 1394 Å and C II 1336 Å spectra show strong signal with clearly shifted and blue-ward asymmetric line profiles. Gaussian fits to these line profiles indicate blue shifts of −16 km s −1 for Si IV and −12 km s −1 for C II with respect to the average line profiles. We note the asymmetry of the profiles towards higher Doppler shift that is not captured by a single Gaussian profile.
The bottom three panels in Fig. 3 show another example: a bright SJI 1400 jet (h), associated with an Hα RBE in g and a strong asymmetric profile in the Si IV 1394 Å spectrogram. Figure 4 shows four more examples of jets in SJI 1330 or SJI 1400 associated with RBEs or RREs in Hα Doppler maps. The features of interest are marked with arrows in the different panels, but the association between IRIS SJI jets and CRISP RBE/RREs is most vivid in the accompanying movies available as online material.
DISCUSSION
We use coordinated observations from the SST and IRIS to identify the disk counterparts of type II spicules in various IRIS chromospheric and TR diagnostics. One of the data sets is a more than 2 h time series with the IRIS spectrograph slit positioned in the proximity (∼ 5 ) of a small network region in a coronal hole. A large number of Hα RBEs and RREs (>150) were found to be covered by the IRIS slit. For these events, we find clear correspondence between the temporal behaviour of the Hα line and the Mg II h & k lines: for Hα RBEs we find corresponding Mg blue-shifted spectral features and for RREs we find corresponding red-shifted features. We observe that the k3 and h3 central absorption dips show similar Doppler excursions as the asymmetries in the Hα line. This often leads to a strong reduction (sometimes almost complete removal) of one of the k2 and h2 reversal peaks accompanied with a Doppler shift of this peak. The shift results in enhanced emission in the wing so that RBE/RREs can be observed as bright features The data for the IRIS diagnostics in c-e are averaged over 3 neighbouring spatial locations to reduce noise. The green line marks the time of the RBE in panel a and for which spectral line profiles are shown in panels f-i. The thick solid line in panels f-i is the RBE spectral profile, for the IRIS lines (g-i) averaged over 3 spatial locations and 3 time steps (i.e., an average of 9 spectra), the small crosses mark the data points of one spectrum (i.e., one spatial pixel) centred on the RBE event in panel a. The thin dashed line is a reference spectrum, spatially and temporally averaged over slit positions far away from the network region. A movie with the Hα Dopplergrams is available in the on-line material.
in the Mg II h & k wings. This is different from Hα and Ca II 8542 Å where RBE/RREs are pure absorption features and therefore appear dark in wing images.
With 4 s exposure times, the C II and Si IV spectra in this coronal hole region are to a large extent dominated by noise. However, after averaging of spectra (both spatially and temporally), we are able to identify spectral signatures for these lines that can be associated with Hα and Mg RBEs and RREs. We often see (weak) enhanced emission with corresponding Doppler shift for both the C II and Si IV lines. In a different data set, with the IRIS slit positioned in the proximity of a more extended magnetic network region in a Quiet Sun region, we observe for some Hα RBEs and RREs much stronger response in these upper-chromospheric and TR diagnostics. For these events, no spectral averaging is needed and the presence of C II and Si IV signal corresponding to Hα RBEs or RREs is unquestionable.
The RBEs and RREs that have strong C II and Si IV response can be clearly identified as bright streaks in the SJI 1330 and 1400 slit-jaw images. These kind of bright streaks can be found around the stronger network regions anywhere on the solar disk in the IRIS SJI 1330 and 1400 data, Tian et al. (2014) describe these features as network jets. When we have coordinated SST Hα observations, we can often identify corresponding RBEs and RREs that display striking similarity in morphology and dynamical evolution. This suggests that we observe the same feature in different diagnostics. Here we present 4 examples of Hα RBE/RREs that can be associated with SJI 1330 or 1400 jets. De Pontieu et al. (2014a) present 3 other events from the same data sets for which SJI 1330 and 1400 jets are associated with RBE/RREs that display clear twist in their dynamical evolution. The relatively broad bandpasses for the SJI 1330 and 1400 filters (55 Å for both) cover a large continuum window. The strong line emission we observe for jets that are covered by the IRIS slit indicates that the network jets in the slit jaw data are dominated by line emission rather than continuum contribution.
We conclude that our observations show that type II spicules are heated to at least TR temperatures, interpreting the Si IV emission as signs of ∼ 80 kK plasma (under equilibrium conditions). This is in agreement with Pereira et al. (2014) who tied Hinode Ca II H type II spicules at the Quiet Sun limb to IRIS SJI 1400 spicules. Their study demonstrates that the Hinode Ca H passband shows type II spicules only during their initial (cooler) phase and that the spicules continue to evolve in the hotter SJI 1400 passband. Furthermore, Pereira et al. (2014) identified RBE and RRE signatures in Mg II k spectroheliograms from dense IRIS rasters close to the limb. Many of these Mg RBEs and RREs could be seen to continue in Si IV spectroheliograms. Our study supports these results and further establish a close connection between RBE/RREs observed in Hα and Mg II h & k.
We note the difference between the small network region close to the IRIS slit in the 22-Sep-2013 coronal hole data set and the more extended network regions in the same and other data sets. For the small network region we only find weak C II and Si IV signal and an absence of network jets in SJI 1330 and 1400. For the more extended network regions we find network jets and associated features in the spectrograms. In the CRISP Hα and Ca II 8542 data however, we cannot identify a clear difference in RBE/RRE activity between these network regions. Apparently, while these network regions seem indistinguishable in chromospheric diagnostics, for the smaller network region insufficient opacity is built up in C II and Si IV. Whether this is due to a different level of heating or mass loading can only be speculated on.
The network jets appear often to be embedded in diffuse halos that surround the larger network regions in Figure 3 . Examples of SJI jets associated with Hα RBEs. Panels a-f show details of one event, panels g-i of another event. The vertical red dashed line in panels a, d, g, and h, marks the location of the IRIS slit used for the data in the other panels. Orange arrows mark the approximate end points of the events. Panels b, e, and i show λy-diagrams. The green horizontal lines in these panels mark the spatial location of the green asterisk in the associated images. The thick solid lines in panels c and f are spectral line profiles averaged over 9 spectra. Small crosses are data points from the spectrum marked with the green line in panels b and e. The thin dashed lines are reference spectra.
SJI 1330 and 1400 data, while these halos appear to be absent in small network regions like in the 22-Sep-2013 data set. Apparently, the weak C II and Si IV emission that we effectively find for almost all RBEs and RREs is insufficient to give discernible signal in the slit jaw data around small network regions. It might however be well possible that the diffuse halo around the larger network regions result from type II spicules with insufficient opacity to stand out as individual network jets in the slit jaw images.
We find a number of clear examples of SJI 1330 and 1400 network jets that are connected to Hα RBEs and/or RREs. However, we cannot firmly establish a chromospheric RBE/RRE connection for all network jets in our data. It is possible that this is due to a line-of-sight effect: some network jets might follow a dynamic trajectory that is unfavourable for identification in Hα wing Dopplergrams. Furthermore, it cannot be excluded that some network jets simply do not have a chromospheric component or are observed during a more energetic part of their evolution that makes it difficult to connect to a possible earlier chromospheric phase. Tian et al. (2014) connect network jets to the solar wind and measure apparent velocities that are often well above 100 km s −1 . These apparent velocities are on the high end of what has been found earlier for RBE/RREs and type II spicules. The Doppler shifts we measure for C II and Si IV are in the low range of what was found for RBE/RREs (Sekse et al. 2013a). We note, however, that single Gaussian fits do not catch the full complexity of these profiles. For example, there appears to be an extra component at ∼ −75 km s −1 in the far blue wing of the Si IV profile in Fig. 3c . Further effort is required to explore how the asymmetry in the profiles can be characterised. This is crucial in order to determine to what extent the high apparent speeds in network jets are real mass flows.
In this Letter, we do not address the temporal evolution of the spicules in our coordinated data set. We note, however, the prominent appearance of swings between red and blue shifts in the Mg II λt-diagrams. It seems that this temporal variation is much more clearly tractable than in the ground-based Hα and Ca II 8542 data. Potentially, this opens a new diagnostic window on the Alfvénic wave modes that govern the dynamics of spicules. However, disentangling the observed Doppler shifts in uniquely determined kink, torsional and up-flow components will remain to be a formidable challenge.
